The evaluation of the forest restoration scenario is of great importance, with floristic composition and diversity being among the most used ecological variables as indicators. This research aimed to identify the current situation, in terms of species composition and diversity, of two riparian forests under restoration based on a reference ecosystem, the Brazilian Atlantic Forest. Twenty permanent plots (250 m²) were located in areas under restoration process (AR1 and AR2) and in a forest fragment of the region which served as a reference ecosystem (ER). We sampled, identified and classified all tree individuals with CBH ≥ 15.0 cm in each plot. Aiming to understand species richness and diversity, besides the traditional indexes (Shannon and Simpson), we also estimated the effective numbers of Hill's diversity (qD = 0, 1 and 2) considering rarefaction (P ≤ 0.05); and to detect floristic similarities among the study areas we performed a Principal Coordinate Analysis (PCoA). We found dissimilarity among ARs and ER, and the presence of exotic species, indicating that, as recommended, such reference should have been taken into account during the planning of the restoration action. Considering the effective numbers of species (qD) we found differences between the areas, species richness and diversity was higher in ER > AR2 > AR1. We also show that among the restoration areas, with the same age and submitted to the same conditions, AR2 has features that allow us to conclude that this area has a bigger chance of success in the restoration process. However, aiming environmental sustainability, we suggest that some corrective actions should be taken in order to favour the reestablishment of ecological processes in these areas.
Introduction
Tropical forests globally account for about two-thirds of the species, being irreplaceable for maintaining biodiversity, providing ecosystem services, and mitigating climate change (Gardner et al., 2010) . However, the gradual decline of these forests has been observed due to the loss, fragmentation and degradation of ecosystems resulting from land-use change for the deployment of agriculture and urban expansion (Gibbs et al., 2010) , directing the efforts each for restoring degraded ecosystems (Aronson et al., 2007; Chazdon, 2008; Holl & Aide, 2011) .
self-sustaining or whether they need corrective actions to support this process (Benayas et al., 2009; Dey & Schweitzer, 2014) . In the evaluation of restoration, besides using ecological indicators, the Society for Ecological Restoration (2004) recommends the use of a reference ecosystem as a starting point for evaluation. According to Brancalion et al. (2015) , reference ecosystems represent the desired state of the restoration object, considered as the final goal to be achieved.
The floristic composition and diversity are among the most used ecological variables as indicators of the restoration process (Gatica-Saavedra et al., 2017) . For decades, studies on diversity in tree species communities were based only on the absolute number of species and the values of indexes with statistical properties were not very accurate (Chao & Jost, 2012; Chao et al., 2014; Hsieh et al., 2016) , which reduced and underestimated the real shape of plant diversity-due to traditional biased methodologies (Colwell et al., 2012) . Recently, reformulations have been proposed in the indices and allow for a better understanding of species diversity, giving less importance to rare species (Chao et al., 2014; Gotelli & Chao, 2013) . Although, these indexes were not yet explored in studies focused on restoration areas, they are considered promising for bringing a real idea of the diversity on the environments.
Considering that the evaluation the forest restoration actions is of great importance, the goal of this study was to identify the current situation, in terms of species composition and diversity, of two riparian forests under restoration based on a reference ecosystem, at the Brazilian Atlantic Forest. To do so, we evaluated the floristic composition, taxonomic diversity and floristic similarities among restoration areas and the reference ecosystem. We sought to answer the following questions: (i) Are the vegetation of the areas under restoration part of the natural ecosystem of the region? ii) Do the attributes of diversity and composition indicate the progress of the restoration process in areas with eight years post-planting? With this study we hope to provide important information to encourage workers and researchers to evaluate and disseminate results about forest restoration actions, mainly regarding their ecological benefits.
Method
This study was developed in three areas located between the towns of Lagoa de Itaenga and Paudalho, at Zona da Mata Norte in the state of Pernambuco, Brazil. The climate classification of the region is type As, according to Köppen-Geiger; the mean annual temperature is 24.2 °C and the mean annual rainfall is 989 mm (Alvares et al., 2013) . The predominant vegetation in the region is classified as tropical rainforest -seasonal semideciduous forest typology (IBGE, 2012) .
In 2008, the planting of seedlings in riparian areas started with the goal of changing these degraded areas into Permanent Preservation Areas (APP). The restoration technique adopted was total plantation of tree species in the total area, at a spacing of 3 × 3 m, restoring, on average, 6 hectares (ha) of the Engenho Conceição forest (AR1) and 5 ha in the area known as Petribu I (AR2). In the past, AR1 has been used as pasture for animals from neighbouring communities, whereas AR2 has been used as sugar cane plantation.
The Reference Ecosystem (ER) we chose was based on the recommendations of the Society for Ecological Restoration (2004) , a forest fragment inserted in the same local context of the areas under restoration, with similar environmental conditions and anthropic pressures. The ER is located between the two ARs, 2.7 km from the start of AR1 and 1.5 km from AR2. Important information about these areas are presented in Table 1 . We carried out an evaluation of the restoration areas (AR1 and AR2) and the reference ecosystem using ecological indicators, making it possible to analyse the composition, diversity and similarity among the environments. These indicators were applied in all areas using the same methodology, as suggested by Brancalion et al. (2015) .
In the three areas (AR1, AR2 and ER), 20 permanent plots of 10 × 25 meters (250 m²) were placed systemically to collect the variables. In 2016, we performed a floristic and phytosociological assay, in which we labelled and identified all tree individuals with circumference at breast height (CBH) ≥ 15.0 cm. We also measured the circumferences of the trees and estimated their height.
We collected plant material of the individuals and sent it to the Herbarium Sérgio Tavares of the Forest Science Department from the Federal Rural University of Pernambuco for taxonomic identification. The individuals sampled in the floristic assay were related in a floristic list and the species were named and distributed in families according to the Angiosperm Phylogeny Group IV classification system (APG, 2016) . Aiming to verify plant scientific names and authors we consulted the List of Species of the Brazilian Flora (Flora do Brasil, 2019) and the database of Botanical Garden of Missouri (http://www.tropicos.org). Following identification, the species were classified according to their origin (native or exotic), we considered as exotic those species that do not occur naturally in the native vegetation of the region (Atlantic Forest).
Aiming to understand species richness and diversity, we estimated the effective numbers of Hill's diversity (Hill, 1973) based on the proposal of Chao et al. (2014) . This estimator includes the three measurements of species diversity that are widely used: species richness (q = 0), the exponential of the Shannon diversity (q = 1) and the Simpson diversity (q = 2) which is also called as number of common species (Chao et al., 2014) . This procedure was performed with the aid of the functions of the "iNEXT" package of the R environment (iNterpolation/EXTrapolation) which provides functions for plotting species diversity curves by interpolation and extrapolation (Hsieh et al., 2016) .
In addition, we also estimated the Shannon diversity index (H') and Simpson index of dominance (C'), following the same methodology proposed by Brower and Zar (1984) , which were calculated in a traditional way. The values obtained from the Shannon and Simpson indices were compared for their significance using Hutcheson t-test (1970) with 95% probability level. This test provides the difference between the diversity index of two samples in order to detect significant differences between them (Magurran, 1988) , making comparisons between two sets of data obtained in the study areas.
For the analysis of species composition, in order to detect the floristic similarity among the areas, we did an exploratory data analysis using the Principal Coordinate Analysis (PCoA), through the Bray-Curtis distance. We measured the significance among groups by Permutational analysis of variance (PERMANOVA) from 999 permutations (α = 0.01). The distances of Bray-Curtis and the dissimilarity matrix were calculated using the "vegdist" and "metaMDS" functions, respectively, from the "vegan" package of the R statistical software (Oksanen et al., 2017) . All statistical analysis and graphics were performed in the R environment -version 3.4.0 (R Development Core Team, 2017).
Results
We sampled 164 individuals in the AR1, which were distributed in 23 species: 20 were identified at species level, one at genus level and two at family level ( Table 2 ). The most representative families were Fabaceae, with approximately 34.8% of the species, Malvaceae and Bignoniaceae (13%) and Anacardiaceae (8.7%). The other families (Euphorbiaceae, Meliaceae, Moraceae, Myrtaceae, Rubiaceae, Sapindaceae and Urticaceae) had only one species (4.3%).
We sampled 325 three individuals in the AR2, which were distributed in 31 species: 30 were identified at species level and one at genus level (Table 2 ). These species were distributed in 15 families: Fabaceae, with the highest amount of species (35.5%), followed by Anacardiaceae and Bignoniaceae (9.7%), Annonaceae and Malvaceae (6.5%) and others (Chrysobalanaceae, Euphorbiaceae, Lamiaceae, Malpighiaceae, Meliaceae, Myrtaceae, Rhamnaceae, Rubiaceae, Sapindaceae and Urticaceae) that had only one species (3.2%).
We sampled 675 individuals in the ER, which were distributed in 43 species: 40 were identified at specific level, one at genus level and two at family level. The species were distributed in 23 families: Fabaceae (14% of species), followed by Bignoniaceae, Erythroxylaceae, Moraceae, Myrtaceae, Rubiaceae and Sapindaceae (7%), Nyctaginaceae, Rutaceae and Salicaceae (4.7%). These results showed that in the three areas, the Fabaceae family was the most representative (Table 2) . Regarding the occurrence of exotic species, we found in the AR1 eight species (35% of the total), in the AR2 13 species (42%) and in the ER only four species (9%). Analyzing the exotic in relation to the number of Vol. 11, No. 9; 2019 to consider the composition of the local flora and regional native species, since these species are already adapted to local conditions (Brancalion et al., 2015) , increasing the chances of success (Ivanauskas et al., 2007) .
Discuss
Taking into account Shannon and Simpson indices, we can argue that the diversity is higher in ER, followed by AR2 and AR1. When compared to other studies, we showed that the estimated H' values for the study areas are lower than those found for riparian fragments at the same region, which were 3.29 nats / ind. and 3.08 nats / ind. (Hollanda et al., 2010; Oliveira et al., 2009) . Regarding the estimated values for Simpson (C), the diversity of plant species in ER was higher than in ARs. Our results are in agreement with aspects previously observed, i.e. showed that difference exists in the floristic composition of the restoration environments and reference ecosystem, which affected the ecological diversity.
When analysing the curve for richness (q = 0), it can be observed that in AR1 there was no stabilization (Figure  2a) , suggesting that the sampling we used was not enough to stabilize the number of species in the area. However, considering that the sampling was the same for all areas and that AR1 and AR2 are areas with similar ages and conditions, we can conclude that suppression or death of the individuals planted must have had occurred, contributing for loss of diversity, and, consequently, curve destabilization. With the analysis of the other components of diversity (q = 1 and 2), we can observe that there is in fact a greater diversity in the ER > AR2 > AR1, corroborating our previous results. Importantly, diversity does not depend exclusively on total density, as highlighted by Santos et al. (2018) , when compared two areas in a single environment. In other words, although we found the higher species richness in ER, it does not necessarily mean that ER has the higher diversity. It happened because the reference ecosystem showed a higher distribution of individuals/abundance of species, categorizing ER as an environment with ecological stability, i.e. more tolerant.
The diversity of species in restoration plantations is widely discussed among researchers (Aronson et al., 2010; Salomão et al., 2013; Brancalion et al., 2015; Amazonas et al., 2018) . According to Martins (2014) , the use of few species in restoration projects, in a scenario with low resilience, can lead to the failure of the process, since pest attacks or repeated degrading actions can eliminate several tree individuals. Brancalion et al. (2010) argue that restoration with a high number of tree species can create different micro-habitats and niches, which will contribute to produce a self-sustaining forest. However, Durigan et al. (2010) argue that searching for a high number of species without planning it can contribute to misidentification of species, genetic contamination and even the extinction of locally rare populations due to failures in the collection of seeds. In fact, the use of more species does not guarantee the success in the restoration process, however, if the goal is to restore the biodiversity of native species in the area, to make use of more species can contribute greatly.
Considering the composition and diversity data evaluated from the indicators presented above, we showed that there is no similarity between the restoration areas and the landscape reference ecosystem, as suggested by SER (2004) and researchers working in this field. With respect to the success of the restoration, we showed that AR2 shows better results of species richness and diversity than AR1, indicating an evolution in the process of forest restoration that has been implemented eight years ago. However, it is important to highlight that other monitoring should be done in order to analyse the reestablishment of ecological functions in long-term environments, as well as the need to embrace corrective actions. As Hotta et al. (2015) suggested, these corrective actions also called as adaptive management are important for the integration of restoration sites with the surrounding vegetation, favouring the process.
Conclusions
The study of the composition, diversity and floristic similarity of the areas under restoration and the comparison with a reference ecosystem was fundamental to evaluate the effectiveness of the restoration process. The present study showed that the floristic composition of the areas under restoration (AR1 and AR2) were not reflect what was observed in the natural ecosystem (ER), indicating absence of floristic similarity and differences in both species richness and diversity patterns.
Taken into account the areas in restoration, which are of the same age, AR2 was considered the area with higher potential to reach the ER level and, consequently, it has higher chances of success. However, we suggest the continuity of monitoring in the future aiming to investigate the restoration process and that corrective actions be applied, mainly associated with the control of exotic species. These findings infer about the importance of planning restoration actions based on a reference ecosystem, in order to minimize errors. Additionally, it can be assumed that these findings can be utilized used to base future restoration actions in environments similar to the present study.
